Introduction
============

Benign prostatic hyperplasia (BPH) is a common disease in men \>50 years of age as the incidence of the disease increases with age ([@b1-etm-0-0-5772]). BPH can seriously affect the quality of life of patients with common clinical manifestations, including dysuria, urinary frequency, urgency, urinary incontinence, and other lower urinary tract symptoms ([@b2-etm-0-0-5772]). Severe cases may cause urinary tract infections, urinary tract obstruction, bladder stones, renal failure and other adverse effects ([@b2-etm-0-0-5772]). Epidemiological studies have suggested that risk factors for BPH include heredity, nutrition, and immunity ([@b3-etm-0-0-5772],[@b4-etm-0-0-5772]). Recent studies suggest that BPH is also closely associated with metabolic syndromes, such as obesity, hyperglycemia, dyslipidemia and hypertension; it is also associated with secondary urinary tract syndrome secondary to BPH ([@b5-etm-0-0-5772]).

At present, treatment of BPH consists primarily of drug therapy and surgical treatment. Given the critical role of androgens, derived largely from the testis with a small amount (\~1%) from the adrenal gland ([@b6-etm-0-0-5772]), in regulating prostate tissue growth, 5-alpha reductase inhibitors (5-ARI) constitute the only drug that reduces the size of the prostate gland by lowering the level of dihydrotestosterone. However, 5-ARI therapy is slow, requiring at least three months before it works, and only reduces prostate volume by 20% ([@b7-etm-0-0-5772],[@b8-etm-0-0-5772]).

The development of new therapeutic approaches requires a detailed examination of the underlying pathogenic processes. Although the pathogenesis of BPH has not been fully elucidated at present, pathological changes associated with BPH include prominent glandular hyperplasia with stromal hyperplasia ([@b9-etm-0-0-5772]). The most commonly used animal model is a rat model of androgen-induced prostate hyperplasia. A study by Scolnik *et al* ([@b10-etm-0-0-5772]) demonstrated that Sprague Dawley (SD) or Wistar rats injected with exogenous androgen after castration resulted in the proliferation of rat prostate tissue, an effect that was stable with good reproducibility.

The present study was undertaken to investigate the role of androgens in androgen-induced BPH in castrated rats and to evaluate the role of the phosphoinositide 3-kinase/protein kinase B/mechanistic target of rapamycin (PI3K/Akt/mTOR) pathway in this process. The role of autophagy in androgen-induced BPH was also determined. In the present study, androgens induced glandular hyperplasia, which may be mediated by inhibiting prostate cell apoptosis and promoting the proliferation of prostate cells. A role for the PI3K/Akt/mTOR signaling pathway in androgen-induced BPH was also demonstrated. These results may form the basis of further clinical studies analyzing these pathways as potential therapeutic targets for BPH treatment.

Materials and methods
=====================

### Animals

A total of 40 healthy male SD rats (age, 8 weeks; weight, 250±10 g) were provided by the Experimental Animal Center of Xiamen University (Xiamen, China). Rats were housed in an air-conditioned atmosphere at 22°C and 50% relative humidity in a specific pathogen-free controlled room with a 12 h light/dark cycle and provided with unrestricted amount of rodent chow and water. All experimental procedures were conducted in conformity with institutional guidelines for the care and use of laboratory animals, and protocols were approved by the Institutional Animal Care and Use guidelines in The First Affiliated Hospital of Xiamen University (Xiamen, China). The study was approved by the Ethics Committee of The First Affiliated Hospital of Xiamen University (Xiamen, China).

Male SD rats were randomly divided into four groups (n=10 per group): The testosterone group (received bilateral testicular resection and subcutaneous injection of testosterone), rapamycin group (received bilateral testicular resection, subcutaneous injection of testosterone and intraperitoneal injection of rapamycin), 3-MA group (received bilateral testicular resection, subcutaneous injection of testosterone and intraperitoneal injection of 3-MA) and control group \[received bilateral testicular resection, subcutaneous injection with solvent (90% olive oil and 10% ethanol) and intraperitoneal injection of normal saline\]. To establish a BPH model, rats in all of the groups underwent bilateral testicular resection following administration of anaesthetic, as previously described ([@b6-etm-0-0-5772],[@b11-etm-0-0-5772]). At day 25 following surgery, rats in the testosterone, rapamycin and 3-MA groups were injected with 0.5 mg/day testosterone propionate (Sigma-Aldrich; Merck KGaA Darmstadt, Germany) in the hind leg. Following establishment of the BPH model, the testosterone group was injected intraperitoneally with normal saline (1 mg/kg/day), the rapamycin group was injected intraperitoneally with rapamycin (1 mg/kg/day; Sigma-Aldrich Merck KGaA) and the 3-MA group was injected intraperitoneally with 3-MA (1 mg/kg/day; Sigma-Aldrich; Merck KGaA). In the control group, the scrotum skin was sutured after the testes of rats were detached, and the rats received an intraperitoneal injection of 1 mg/day normal saline as well as a subcutaneous injection in the hind leg with 1 ml solvent (90% olive oil and 10% ethanol) immediately following the surgery. Treatments were administered for 28 days.

### Investigation of prostate index

Rats in each group were weighed 28 days after feeding. Rats were sacrificed by intraperitoneal injection using 100 mg/kg Nembutal (Beijing Genia Biotechnology, Co., Ltd., Beijing, China) and the prostate tissues were removed. The weight of the prostate tissue after cleaning the blood with filter paper was measured and the volume of the prostate was measured using the displacement method after submerging the tissue in a water-filled graduated cylinder. The left and right ventral lobes of the prostate were stored in liquid nitrogen or 10% formaldehyde solution, respectively.

### Hematoxylin and eosin (HE) staining

Prostate tissues from rats in each group were fixed in 10% formalin at 4°C overnight, and were then washed with PBS. The blocks were then dehydrated in graded alcohols, cleared in xylene and embedded in paraffin wax. The paraffin blocks were cut it into sections of 6 µm thickness and stained with HE. Briefly, the sections were dewaxed with xylene and dehydrated using graded ethanol, followed by washing with distilled water. The sections were sequentially transferred and washed after each step as follows: hematoxylin solution for 1 min, 1% hydrochloric acid solution for 10 sec, 1% ammonia complex blue for 30 sec, and 0.5% eosin solution for 2 min in thermostat with temperature 40°C. After ethanol dehydration, the extent of hyperplasia, as a percentage of hyperplastic tissue in the whole section was observed using an optical microscope (Nikon Eclipse 50i, Nikon Corporation, Tokyo, Japan).

### Western blotting to determine protein expression levels of B-cell lymphoma 2 (Bcl-2) and microtubule-associated protein 1 light chain 3 (LC3)-II in rat prostate tissues

Proteins were isolated from rat prostate tissues following snap freezing by immersion in liquid nitrogen. For 5 mg of tissue, 300 µl of ice-cold RIPA lysis buffer (cat no. 89900; Thermo Fisher Scientific, Inc.) was rapidly added. Following homogenization with a blade that was rinsed twice (200 µl each) with lysis buffer, the homogenate was maintained under constant agitation for 2 h at 4°C. Protein concentrations were determined using a Pierce BCA Protein assay kit, according to the manufacturer\'s protocol. After the addition of protein loading buffer and boiling for 10 min, 50 µg of lysate was loaded and separated using 10--15% SDS-PAGE and transferred to nitrocellulose membranes. All further incubations were performed at room temperature on a platform shaker. Membranes were blocked with TBS supplemented with 0.1% Tween-20 (v/v) and 5% (w/v) non-fat dry milk for 30 min at room temperature prior to incubation with the following primary antibodies for 12 h: Anti-LC3 (cat no. 3868; Cell Signaling Technology, Danvers, MA, USA; 1:1,000); anti-Beclin-1 (cat no. ab62557; Abcam; Cambridge, MA, USA, 1:1,000) and anti-caspase-3 (cat no. ab32351; Abcam; 1:1,000). The blots were washed three times with wash buffer (5--10 min each). Subsequently, the membranes were incubated with anti-rabbit immunoglobulin horseradish peroxidase-conjugated secondary antibodies (cat no. sc-2030 and cat no. sc-2005; Multisciences Biotech Co., Ltd., Hangzhou, China, 1:10,000) for 2 h. GAPDH (cat no. ab9485; Abcam, 1:1,000) was used as an internal reference. After washing the blot four times with wash buffer (5--10 min each), immunoreactive proteins were visualized by enhanced chemiluminescence (Perkin Elmer, Shelton, CT, USA).

### Detection of Bcl-2 and Beclin1 mRNA expression levels in rat prostate tissues by reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

RNAs were isolated and purified from rat prostate tissues using a RNeasy Mini kit (cat no. 74104; Qiagen AB, Sollentuna, Sweden). For Complementary DNA synthesis, reverse transcription was performed using the Prime Script RT Reagent kit (Takara Bio Inc., Otsu, Japan) according to the manufacturer\'s protocols. For reverse transcription, the reaction mixtures was incubated under the following conditions: 1 cycle of 37°C for 15 min; 1 cycle of 85°C for 5 sec and 1 cycle of 4°C for 10 min. Primers were designed by the GenScript PCR Primer Design Tool (<http://www.genscript.com/>) and were synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, China). The primer sequences were as follows: β-actin, forward, 5′-GAAGATCAAGATCATTGCTCCT-\'3 and reverse, 5′-TACTCCTGCTTGCTGATCCA-3′; Bcl-2, forward, 5′-TAAGCTGTCACAGAGGGGCT-\'3 and reverse, 5′-GCGACGAGAGAAGTCATCCC-3′; and Beclin1, forward, 5′-GGCTGAGAGACTGGATCAGG-3′ and reverse, 5′-CTGCGTCTGGGCATAACG-3′. qPCR was performed using SYBR Premix EX TaqII (Takara, Shiga, Japan) following the manufacturer\'s instructions. Each 30-µl reaction contained 0.4 µM primer pairs, 100 ng cDNA, 15 µl SYBR Green, and 0.6 µl ROX as a fluorescence internal control. The amplification program comprised of two stages. The first Tag activation stage began with an initial 95°C for 10 min followed by 40 cycles of denaturation at 95°C for 5 sec and annealing at 60°C for 40 sec. Subsequently, a melting curve analysis was performed by collecting fluorescence data. The relative T/S values were calculated according to the 2^−∆∆Cq^ method ([@b12-etm-0-0-5772]).

### Detection of apoptosis in rat prostate tissue by terminal deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) assay

TUNEL was performed according to the instructions of the TUNEL cell apoptosis detection kit (cat no. 11684795910; Roche Molecular Diagnostics, Branchburg, NJ, USA). Exposed 3′-OH of genomic DNA were broken and terminal deoxynucleotidyl transferase enzyme catalysis and DUTP (fluorescein-dUTP) coupled with fluorescein labeling (fluorescein isothiocyanate) was used. Detection was performed using fluorescence microscopy (Leica DMI 4000B; Leica Microsystems, Inc., Buffalo Grove, IL, USA). Green fluorescence was observed at 520±20 nm using a standard fluorescence filter.

### Observation of autophagosomes in tissue sections by scanning transmission electron microscopy

Prostate tissues were cut into tissue blocks (1 mm^3^) and then fixed in 2.5% glutaraldehyde in 0.01 mol/l phosphate buffer at 4°C for 2 h. Following incubation in 2% osmium tetroxide at 4°C for additional 2 h, tissue blocks were dehydrated in graded ethanol solutions. Subsequently, ethanol was substituted with propylene oxide for 30 min at room temperature and embedded in epoxy resin. Ultrathin sections (0.1 µm) were double-stained with 1% uranyl acetate and 0.2% lead citrate for 15 min at room temperature and analyzed by transmission electron microscope (JEM-1220; JEOL, LTD., Tokyo, Japan) at 80 kV.

### Statistical analysis

All experiments were repeated three times and similar results were obtained. All data of normal distribution were presented as the mean ± standard deviation as indicated and data were analyzed by one-way analysis of variance with Bonferroni post hoc analysis. Data of non-normal distribution were analyzed by Kruskal-Wallis H-tests. Differences between groups were further analyzed by the Nemenyi test. P\<0.05 was considered to indicate a statistically significant difference. SPSS v. 11.5 statistical software (SPSS, Inc., Chicago, IL, USA) was used for all statistical analyses.

Results
=======

### Measurement of prostate index

The prostate wet weight, volume and prostatic gland exponent (%) in the testosterone group were significantly higher than those in the control group (P\<0.05; [Table I](#tI-etm-0-0-5772){ref-type="table"}). The prostate wet weight, volume and prostatic gland exponent (%) in the rapamycin group was significantly reduced compared with those in the testosterone group (P\<0.05; [Table I](#tI-etm-0-0-5772){ref-type="table"}).

### HE detection of the morphology of rat prostate tissue

Under the microscope, the prostate glands of rats in the testosterone group ([Fig. 1A](#f1-etm-0-0-5772){ref-type="fig"}) were compact. Additionally, part of the cavity was expanded, part of the epithelium was pseudostratified, the glandular epithelium was thickened, part of the glandular epithelium was papillary and prominent in the glandular cavity, more stromal cells were present and the small blood vessels were notably expanded compared with the control group. The morphology of the prostate tissue of the rapamycin group was similar to that of the control group with normal arrangement and no obvious thickening of the glandular epithelium; however, the glandular cavity was dilated, deformed and exhibited a small amount of interstitial proliferation ([Fig. 1B](#f1-etm-0-0-5772){ref-type="fig"}). The prostate gland in the 3-MA group was enlarged and exhibited an enlarged gland cavity, the gland epithelium was thicker and part of the glandular epithelium was papillary and prominent within the glandular cavity; however, the extent of this was less than that of the testosterone group. Furthermore, interstitial composition of the prostate tissue in the 3-MA group was increased and congestion and edema were observed ([Fig. 1C](#f1-etm-0-0-5772){ref-type="fig"}). In the control group, the structure of the prostate gland was clear, the glandular epithelium was a single layer in columnar arrangement and few epithelia were protruding into the lumen of gland epithelium. Interstitial composition of the prostate tissue was relatively small and no congestion or edema was indicated in the control group ([Fig. 1D](#f1-etm-0-0-5772){ref-type="fig"}).

### Protein expression levels of Bcl-2, LC3-II and caspase-3 in rat prostate tissue according to western blotting

As demonstrated in [Fig. 2A and B](#f2-etm-0-0-5772){ref-type="fig"}, western blotting results indicated that the protein expression levels of Bcl-2 in the testosterone group were significantly higher compared with that in the control group (P\<0.05). Bcl-2 protein expression levels in the prostate tissue of the 3-MA group were the lowest of all groups and the protein expression levels of caspase-3 in the prostate tissue of the 3-MA group were significantly higher than those in the other three groups (P\<0.05). Furthermore, the protein expression levels of LC3-II in the rapamycin group were similar to the control group but significantly higher than that in the 3-MA and testosterone groups (P\<0.05).

### mRNA expression levels of Bcl-2 and Beclin-1 in prostate tissue according to RT-qPCR

As demonstrated in [Fig. 3](#f3-etm-0-0-5772){ref-type="fig"}, RT-qPCR results revealed that the mRNA expression levels of Bcl-2 at 28 days were significantly higher in the testosterone and rapamycin groups than that in the control group (P\<0.05). The mRNA expression levels of Bcl-2 after 28 days in the 3-MA group were lower than that in the control group, however the result was not significant. As demonstrated in [Fig. 4](#f4-etm-0-0-5772){ref-type="fig"}, there was no significant difference in the expression levels of Beclin-1 mRNA between the control and the testosterone groups. The mRNA expression levels of Beclin-1 were significantly lower in the rapamycin and the 3-MA groups than that in the control group (P\<0.05).

### Level of apoptosis in rat prostate tissues

TUNEL analysis was performed to examine the level of apoptosis in the prostate tissues ([Fig. 5](#f5-etm-0-0-5772){ref-type="fig"}). Quantitative analysis of the images revealed that the apoptotic rate of the 3-MA group was significantly increased compared with the control group (P\<0.05), whereas the apoptotic rate of prostate tissues in the testosterone and rapamycin groups was significantly decreased compared with the control group (P\<0.05; [Fig. 6](#f6-etm-0-0-5772){ref-type="fig"}).

### Scanning transmission electron microscope observation

At present, it has been suggested that autophagy may be observed using an electron microscope, which is the gold standard to judge the extent of autophagy ([@b13-etm-0-0-5772]--[@b15-etm-0-0-5772]). The formation of a lysosome, a vesicle structure with a double membrane, is a vital process of autophagy ([@b14-etm-0-0-5772]). Some damaged organelles, proteins or glycogen are present inside vesicles ([@b16-etm-0-0-5772]). When the vesicles are fused with the lysosomal membrane, the inner membrane of the vesicle is hydrolyzed ([@b17-etm-0-0-5772]). Fusion of the outer membrane of the vesicle and the lysosomal membrane form the autophagy autophagolysosome ([@b17-etm-0-0-5772]). In the present study, electron microscopy of the rapamycin group revealed that the autophagolysosome contained a single layer of membrane. The ultrathin sections of rat prostate tissue in the rapamycin group were observed under a magnification of ×5,000 and revealed that the rat prostate epithelial cells contained autophagolysosomes. In addition, some of the organelles within the autophagosomes in the rapamycin group were not fully digested ([Fig. 7](#f7-etm-0-0-5772){ref-type="fig"}). Following injection with 3-MA, the formation of autophagy bodies was not observed in the prostate epithelial cells. Collectively, these results revealed that the level of autophagy was highly activated in rat prostate tissues after rapamycin treatment compared with the control group.

Discussion
==========

BPH is a common disease in men \>50 years of age and the incidence of the disease increases with age ([@b1-etm-0-0-5772]). The pathogenesis of BPH is not yet clear; however, it is closely associated with androgens ([@b18-etm-0-0-5772]). The growth and development of prostate tissue is associated with the action of androgens and the maintenance of normal prostate tissue morphology must therefore also depend on the role of androgens ([@b19-etm-0-0-5772],[@b20-etm-0-0-5772]). Previous studies have indicated that increased prostate volume is not due to excessive proliferation of prostate tissue, but is instead related to the decrease of apoptosis in prostate tissue ([@b21-etm-0-0-5772]--[@b23-etm-0-0-5772]). In adult castrated rats, androgen treatment induces prostatic regrowth, proliferation and increases prostate size ([@b24-etm-0-0-5772],[@b25-etm-0-0-5772]). This method has become a common applied method for the construction of the animal model of BPH ([@b25-etm-0-0-5772]). In the present study, the wet weight and volume of the prostate of rats after 28 days were measured and the prostate indices of rats in each group were calculated. Results demonstrated that the prostate wet weights, volumes and prostate index in the testosterone group were significantly higher than those in the control group. The results indicated that testosterone successfully induced rat prostate hyperplasia. HE staining results further revealed that, compared with the control group, the prostate glands of the rats in the testosterone group were compact with partially expanded cavities and partially pseudostratified epithelium, the glandular epithelium was thickened, part of the glandular epithelium was papillary and prominent in the glandular cavity with increased stromal cells and expansion of small blood vessels compared with the control group. Prostate tissues in the 3-MA group also exhibited similar changes compared to the testosterone group; however, to a lesser extent. Results demonstrated that the establishment of the present model was successful. In the rapamycin group, the structure of the prostate was normal, the glands were closely arranged, the size of the cavity was normal and the glandular epithelium was not raised. Compared with the control group, the interstitial composition in the rapamycin group was slightly increased; however, no vascular congestion was detected and the epithelial cells were in a single arrangement with no pseudostratified epithelial formation. Compared with the testosterone and control groups, no notable prostate tissue proliferation was observed in the prostate tissue of the rapamycin group. Therefore, we propose that rapamycin may inhibit the proliferation of prostate tissue in rats induced by testosterone.

Currently, it is not known whether androgen-induced prostate hyperplasia in rats is promoted by the excessive proliferation of prostate tissue or by the reduction of prostate tissue apoptosis; therefore, this was a primary investigation in the present study. Western blotting results demonstrated that, compared with the control group, androgen was able to decrease the expression of caspase-3, increase the expression of Bcl-2 protein and reduce the expression of LC3-II protein in prostate tissue. TUNEL assay results demonstrated that, compared with the control group, the rate of apoptosis in the prostate tissues of rats in the testosterone and the rapamycin groups were significantly decreased. These results indicated that androgen was able to decrease the rate of apoptosis and autophagy in the prostate tissue of castrated rats.

Androgen regulates the growth, proliferation and death of prostate cancer cells, which may be associated with androgen receptor (AR) function and the phosphoinositide 3-kinase/protein kinase B/mechanistic target of rapamycin (PI3K/Akt/mTOR) signaling pathway ([@b26-etm-0-0-5772]). Both AR and PI3K/Akt/mTOR signaling influence the proliferation and death of prostate cancer cells and feedback to each other ([@b27-etm-0-0-5772]). Kinkade *et al* ([@b28-etm-0-0-5772]) have identified that targeting Akt/mTOR and ERK/MAPK signaling pathways inhibits androgen-independent prostate tumors in the mouse model. This research proposed that inhibition of the Akt/mTOR and ERK/MAPK signaling pathways produces a wide range of therapeutic effects on prostate cancer, particularly concerning androgen-resistant prostate cancer, in the advanced stages ([@b28-etm-0-0-5772]). In order to verify the assumption that androgen is related to the PI3K-1/Akt/mTOR pathway, testosterone propionate was excessively injected into rats of the testosterone group, and rapamycin was used to inhibit the PI3K/Akt pathway in the rapamycin group. The present results revealed that rapamycin was able to inhibit the effect of androgen. Compared with the control group, the weight of rats was significantly increased 28 days after injections with testosterone propionate, which may be related to the role of androgen in promoting the growth of rat skeletal muscle ([@b29-etm-0-0-5772],[@b30-etm-0-0-5772]). Rapamycin was used to block the PI3K-1/Akt/mTOR pathway and the same dose of testosterone was injected in rats of the rapamycin group. Compared with the control group, there was no significant change in the weight of the rats in the rapamycin group. Western blotting results demonstrated that the expression levels of caspase-3 and Bcl-2 protein in the prostate cells of the rapamycin group were higher and lower, respectively, than those in the testosterone group. The role of testosterone may be related to the PI3K-1/Akt/mTOR pathway ([@b31-etm-0-0-5772]).

The present study demonstrated that rapamycin blocked the PI3K/Akt/mTOR pathway *in vivo*, which may affect the role of testosterone in promoting skeletal muscle growth. These results were similar to findings from a corresponding *in vitro* study ([@b28-etm-0-0-5772]) and further supported that the signaling pathway for androgen is related to the PI3K-1/Akt/mTOR pathway. Androgen may improve the level of protein synthesis and promote cell growth and proliferation in prostate tissue by activating the PI3K-1/Akt/mTOR pathway. This may therefore result in a decrease in the rate of apoptosis.

The relationship between autophagy and apoptosis is complex. Increasing the level of autophagy in tumor tissue may decrease the rate of apoptosis in tumor cells ([@b32-etm-0-0-5772]). The reason is that the survival ability of tumor cells in an unfavorable environment, such as that created by radiotherapy and chemotherapy, is enhanced due to the enhanced autophagy ([@b33-etm-0-0-5772]). The rate of prostate cancer cell apoptosis appears to bottleneck in response to endocrine therapy characterized by a decrease that is not sustained ([@b34-etm-0-0-5772]). Therefore, various researchers have proposed autophagy inhibition as a possible clinical strategy to counteract therapeutic resistance in prostate cancer ([@b34-etm-0-0-5772]).

In the process of androgen-induced prostatic hyperplasia in rats, the extent to which the level of autophagy affects the role of androgen has not been reported. Rapamycin is a common inducer of autophagy and also has the ability to block the PI3K-1/Akt/mTOR pathway ([@b35-etm-0-0-5772]). Rapamycin is able to inhibit mTOR protein and therefore promote autophagy. At present, the formation of autophagy bodies is the gold standard to judge the occurrence of autophagy ([@b36-etm-0-0-5772],[@b37-etm-0-0-5772]). Rat prostate tissue was observed using an electron microscope after injection of testosterone and rapamycin in rats for 28 days. In the rapamycin group, autophagolysosomes were observed. Some of the organelles had not been fully digested and were located inside the autophagolysosome. In the control, testosterone and 3-MA groups, autophagolysosomes were not observed. Western blotting results demonstrated that the expression level of LC3-II protein in the rat prostate tissue of the rapamycin group was similar to that in the control group, which suggested that rapamycin induces autophagy activation. In contrast, autophagy was inhibited in rat prostate tissue in the 3-MA group by 3-MA. Results indicated that rapamycin inhibited the role of androgen in promoting the proliferation of prostate tissue in rats by stimulating autophagy. Compared with the control group, there was no obvious prostate hyperplasia in the rapamycin group. However, autophagy inhibition by 3-MA promoted hyperplasia in the 3-MA-treated rat prostate tissues. In addition, the level of apoptosis in the rat prostate tissues was increased compared with that in the control group.

In conclusion, the results of the present study suggested that androgen-induced prostate hyperplasia in rats is not only related to testosterone inhibition of prostate cell apoptosis, it is also possible that testosterone promotes excessive proliferation of prostate tissue in rats. Furthermore, rapamycin may promote the level of autophagy and inhibit the proliferation of prostate tissue in rats, which is not induced by the promotion of apoptosis.

The present study was supported by the Medical Elite Cultivation Program of Fujian (Fujian, China; grant no. 2014-ZQN-ZD-33).

![Hematoxylin and eosin staining results of rat prostate tissue after 28 days of treatment in the (A) testosterone, (B) rapamycin, (C) 3-MA and (D) control groups. Magnification, ×40. Scale bar, 100 mm. 3-MA, 3-methyladenine.](etm-15-03-2703-g00){#f1-etm-0-0-5772}

![(A) Western blotting and (B) statistical analysis of the protein expression levels of caspase-3, Bcl-2 and LC3-II relative to GAPDH. Data are presented as the mean ± standard deviation. \*P\<0.05. 3-MA, 3-methyladenine; Blc-2, B-cell lymphoma-2; LC3, microtubule-associated protein 1 light chain 3.](etm-15-03-2703-g01){#f2-etm-0-0-5772}

![Detection of Bcl-2 mRNA expression levels by reverse transcription-quantitative polymerase chain reaction in rat prostate tissue relative to GAPDH. Data are presented as mean ± standard deviation. \*P\<0.05 vs. the Control group. 3-MA, 3-methyladenine; Blc-2, B-cell lymphoma 2.](etm-15-03-2703-g02){#f3-etm-0-0-5772}

![Detection of Beclin-1 mRNA expression levels by reverse transcription-quantitative polymerase chain reaction in rat prostate tissue relative to GAPDH. Data are presented as mean ± standard deviation. \*P\<0.05 vs. the Control group. 3-MA, 3-methyladenine.](etm-15-03-2703-g03){#f4-etm-0-0-5772}

![Detection of apoptosis in rat prostate tissue after 28 days of treatment in the (A) testosterone, (B) 3-MA, (C) control and (D) rapamycin groups. 4′,6-diamidino-2-phenylindole dye staining was used on the nucleus. When this dye is excited it emits blue light. The fluorescent dye was combined with apoptotic cells and a fluorescence microscope was used to observe the green fluorescence under the excitation of the blue light. Scale bar, 100 mm. Magnification, ×40. 3-MA, 3-methyladenine.](etm-15-03-2703-g04){#f5-etm-0-0-5772}

![Rate of apoptosis in rat prostate tissue after 28 days of treatment. The longitudinal axis represents the number of apoptotic cells per 100 cells in a microscopic field (magnification, ×40). Data are presented as mean ± standard deviation. \*P\<0.05 vs. the Control group. 3-MA, 3-methyladenine.](etm-15-03-2703-g05){#f6-etm-0-0-5772}

![Electron microscopic observation of prostate tissue of rapamycin group after 28 days of treatment (magnification, ×5,000). Ultrathin sections were double-stained with 1% uranyl acetate and 0.2% lead citrate and analyzed by transmission electron microscopy. Red arrows indicate autophagy. Under the electron microscope, vesicles with a single layer membrane structure in the cells were observed. Incomplete digested organelles and other contents were also observed in the autophagosome. Scale bar, 0.5 µm. AVi, autophagosomes or initial autophagic vacuoles; ER, endoplasmic reticulum.](etm-15-03-2703-g06){#f7-etm-0-0-5772}

###### 

Rat weight and wet weight, volume and prostate index of prostate tissue of the rats in each group.

  Group          n    Rat weight, g                                          Prostatic gland weight, g                                 Prostatic gland volume, ml                                Prostatic gland exponent, %
  -------------- ---- ------------------------------------------------------ --------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------
  Testosterone   10   413±29^[a](#tfn2-etm-0-0-5772){ref-type="table-fn"}^   1.09±0.21^[a](#tfn2-etm-0-0-5772){ref-type="table-fn"}^   0.75±0.32^[a](#tfn2-etm-0-0-5772){ref-type="table-fn"}^   0.26±0.04^[a](#tfn2-etm-0-0-5772){ref-type="table-fn"}^
  Rapamycin      10   329±27                                                 0.48±0.10^[b](#tfn3-etm-0-0-5772){ref-type="table-fn"}^   0.40±0.08^[b](#tfn3-etm-0-0-5772){ref-type="table-fn"}^   0.14±0.03^[b](#tfn3-etm-0-0-5772){ref-type="table-fn"}^
  3-MA           10   428±30                                                 0.84±0.18                                                 0.70±0.15                                                 0.19±0.05
  Control        10   357±30                                                 0.54±0.09                                                 0.45±0.08                                                 0.15±0.02

Data are presented as mean ± standard deviation.

P\<0.05 vs. control

P\<0.05 vs. testosterone group. 3-MA, 3-methyladenine.
